The objective of this study was to develop diazepam orally disintegrating tablets and to optimize tablets characteristics using response surface methodology (RSM). Tablets were prepared by direct compression of mixture containing mannitol, copovidone, crosspovidone flavor and lubricant. A full factorial design for 2 factors at 3 levels each was applied to investigate the influence of 2 formulation variables on the mechanical strength/hardness, the percent of friability, disintegration time and dissolution of the poorly soluble active ingredient. The amounts of copovidone and crosspovidone were taken as independent variables. All data were analyzed by using statistical program.
Introduction
Recent developments in technology have presented viable dosage alternatives for patients who may have difficulty swallowing tablets. Traditional tablets and capsules may be inconvenient or impractical for some patients. Geriatric and pediatric patients experience difficulty in swallowing conventional tablets which leads to poor patience compliance. This problem is overcomed with use of drug delivery system known as orally disintegrating tablets. These are novel types of tablets which disintegrate/dissolve/disperse in saliva for 60 seconds or less (1, 2, 3) .
They are also suitable for the mentally ill, the bedridden and patients who do not have easy access to water. The benefits in terms of patience compliance, rapid onset of action, possibility for increased bioavailability, and good stability make these tablets popular as a dosage form of choice in the current market (2) . Orally disintegrating tablets are suitable formulation for all active substances which can be orally administered (3) .
A pharmaceutical formulation is composed of several composition factors and process variables. These factors and variables not only affect the characteristic property of the dosage form but also make it difficult to formulate. Formulation experience with pharmaceutical preparation generally can guide a formulation expert to select those variables that most likely have an effect on those corresponding responses (4) .
Traditional formulation designs were based on trial and error. It is time-consuming, unreliable, costly and often unsuccessful. The rapid development of statistical experimental designs, optimisation techniques and computer technologies provide an effective method for modelling Original scientific paper complicated multivariate drug formulations. Pharmaceutical formulation thus has been brought into a new era (5) .
When a target is to evaluate one or more tablet properties, the experimenter can make use of a set of tools and techniques known under experimental research methodology. In general, adopting such an experimental approach means defining the problem which one is going to cope with by determining the objectives, the possible constraints in the component proportion and the response variables under study (6) .
Many statistical experimental designs have been recognized as useful techniques to optimize the process variables. Different types of designs as screening, mixture, response surface, have been used for preformulation evaluations (7, 8) .
Response surface Methodology (RSM) is a widely practiced approach in the development and optimization of drug delivery devices. Based on the principal of design of experiments (DoE), the methodology encompasses the use of various types of experimental designs, generation of polynomial equations, and mapping of the response over the experimental domain to determine the optimum formulation. The technique requires minimum experimentation and time, thus providing to be far more effective and cost effective than the conventional methods of formulating dosage forms. It is a collection of statistical and mathematical techniques, useful for developing, improving and optimizing processes (9, 10) . It also has an important application in the design, development and formulation of new products as well as in the improvement of existing product designs. The basic components of response surface methodology include experimental design, regression analysis and optimisation algorithms which are used to investigate the empirical relationship between one or more measured responses and a number of independent variables, with the ultimate goal of obtaining an optimal problem solution. Also, interaction between different factors, which can influence the target responses, may be detected (11, 12, 13) .
The current study aims at developing and optimizing an orally disintegrating tablet of diazepam using RSM.
Experimental Materials
Diazepam was supplied from Fabbrica Italiana SinteticiItaly, Mannitol direct compressible grade from Merck KgAGermany, Copovidone and Crosspovidone from BASF KgA, Germany and magnesium stearate from Mosselman, Belgium.
Methods

Experimental design
Response surface experimental design was used to optimize and evaluate main effects, interaction effects, and quadratic effects of the formulation ingredients on the percent of friability, hardness, disintegration time and drug release. A 3 2 randomized full factorial design is suitable for exploring response surfaces and constructing polynomial models (10) .
In this design 2 factors were evaluated, each at 3 levels, and experimental trials were performed at all 9 possible combinations. The amount of the binding agent, copovidone (X1) and the amount of superdisintegrant, crosspovidone (X2) were selected as independent variables. The percent of friability, hardness, disintegration time and drug release were selected as dependent variables.
The composition of formulations of the factorial design is shown in Table 1 .
Preparation of Diazepam orally disintegrating tablets
The raw materials were passed through a No.1.2 screen prior mixing. Diazepam, copovidone and crosspovidone were homogeneously blended with directly compressible mannitol as a diluent. The mixture than was blended with the fixed quantity of the lubricant magnesium stearate and compressed into flat faced tablets (6 mm diameter) using rotate tablet compression machine. 
Evaluation of tablet properties
Hardness /Mechanical strength The tablet hardness was measured by hardness tester (VanKelVK200 ,USA)
Percent Friability
The friability of tablets was determined using friability tester (VanKel, USP). The method of determination was according to USP28 method. The percent friability was obtained from 20-tablet sample.
Disintegration Time
The disintegration time was measured by using according USP 28 method for disintegration of tablets (VanKel 6-Basket System,USP)with purified water at 37 o C as disintegration medium. The mean and standard deviation were calculated from six determinations.
Percent Drug Release
Dissolution studies were performed employing USP 28 paddle method (VanKel Dissolution tester, VK-700, USA), 900 ml of 0.1mol/l HCl as dissolution medium at 50 rpm. The samples were analyzed using HPLC method (USP28).
Tablet assay
The tablets were assayed for drug content according USP 28 monograph for Diazepam tablets (Varian, HPLC system UV/vis variable wavelength detector, USA).
Statistical analysis
The data obtained from the evaluation of the tablet characteristics were analyzed using Statgraphics ® plus, Windows software program (Version 5.1, USA).
Results and discussion
Tablet evaluation All nine formulations of the experimental response surface design were prepared as different combinations of independent variables, copovidone (0.5-5 %) and crosspovidone (1-5 %) and the following parameters were analyzed: hardness, tensile strength, friability, disintegration and dissolution of the tablets.
The results of analysis of dependent variables-responses for each formulation are presented in Table 2 .
The expressed results are mean values, for the hardness and friability determination of 20 tablets, disintegration of 12 and dissolution of 6 tablets.
During the preparation of the tablets, lower mechanical strength and increased friability for the series 1, 3, 5 under the applied pressure during tabletting were gained (RS design, quantity of the binding agent copovidone 0.5 %). Adequately, the friability of these formulations was not within the required limit, as described in USP28.
The hardness and friability were improved with increase of the concentration of the dry binder in the formulations. Complete release of diazepam from the prepared formulations was noticed after 20 and/or 30 min, showing differences in drug release rates due to different composition among series within the first 10 and 20 min. Disintegration of the tablets showing appropriate mechanical strength was fastest for series 9 (combination with 2.75 % of copovidone and 5 % of crosspovidone). However, the results given in Table 2 express that percent of drug release and the time of disintegration are not parameters that could be easily evaluated (followed) and are complex functions which mathematical expression and dependence (effect) of independent variable will be obtained from the experimental design. 
Factorial design
Hardness of tablets
The relationship between the hardness of the tablets and the independent variables is presented in Fig. 1 .
The standardized pareto chart at Fig. 1 . depicts the main effect of the independent variable on the tablet hardness. The length of each bar in the graph indicates the effect of these factors and the level of their responses. From Figure 1 it can be interfered that the factor X1 has a main effect on the response Y1. Factors X2, X1X2, X2X2 did not show significant effects on the Y1 response (the hardness of the tablets). With excluding of the factors which do not have significant effect on the response, the mathematical relationship in the form of polynomial equation for the measured response Y1 would be: Y1=0.75+1*X1 (Eq. 1)
Results presented in Fig. 1 and Eq. 1 show that the most significant effect on the hardness of the tablets has the binding agent copovidone, without the significant influence of the interaction between the factors i.e. between the binding and disintegrating agent. Also, Fig. 2 illustrates that the quantity of the binding agent is a factor which shows significant and linear effect on the hardness of the tablets (when applied constant punch pressure).
Friability of the tablets
The mathematical relationship in the form of polynomial equation for the measured response, Y3 is listed below:
Y3=1.37834-0.750494*X1+0.0280278*X2+0.0979753* X1^2-0.00688889*X1X2 (Eq.2)
The polynomial equation represents the quantitative effect of process variables (X1 and X2) and their interaction on the response Y3. The values of coefficients X1 and X2 are related to the effect of these variables on the response Y3. A positive value represents an effect that favor the optimisation, while a negative value indicates an antagonistic effect.
The main effect on the independent variables on the dependent variables was further investigated using a pareto chart (Fig. 3 ) and interaction plot (Fig. 4) . Also, the relationship between the dependent and independent variables was further elucidated using response surface plots (Fig.  5) . Fig. 3 depicts the main effect of the independent variable on the friability of the formulations. From Figs. 3 and 4 it can be interfered that the factors: X1, X1X1 (quadratic effect of copovidone), X1X2 (interaction effect of copovodone and crosspovidone) and X2 have a significant effect on the response Y3. Fig. 5 further explains the effect of X1 and X2 ratios on the friability of the tablets. From response surface plots it is clear that the ratio of copovidone and crosspovidone has a major effect on determining friability of formulations. Figure 5 shows that at lower concentrations of copovidone the friability increases. Fig. 6 represents the influence of independent variables on disintegration.
Disintegration of tablets
Mathematical relationship in a form of polynomial equation is listed below: Y4=19.2428+7.36214*X1-1.77778*X2+2.30453* X1^2-2.77778*X1*X2 (Eq.3)
The main effect on the disintegration time depend on copovidone and crosspovidone quantity in the formulation, interaction between the binding and disintegrating agent and quadratic effect of copovidone. Decreasing the percentage of copovidone and increasing the percentage of crosspovidone decreases the time of disintegration of the tablets (influence of the copovidone/crosspovidone interaction on the disintegration time is shown on Fig. 7 ). Adequately, at level of 1 % of incorporated disintegrating agent, increasing quantity of copovidone will significantly increase the value of the disintegration time for the prepared formulations ( Fig. 8 shows response surface plots showing the effect copovidone and crosspovidone on disintegration).
Drug dissolution
Dissolution of the active ingredient in orally disintegrating tablets starts in the mouth after the fast disintegration where the pH is approx. 6.8 (6.4-7.2). After the swallowing of the granules or the primary particles the drug dissolution continues at pH approximately 1.5 and the absorption of the released drug depends on the basic dissolution of the active ingredient and its permeability through the membranes. Diazepam is classified in the second group of biopharmaceutical classification system i.e. is practically insoluble substance at pH 6.8 or at basic pH and showing good permeability through the biological membranes. Except better patient compliance, fast dispersible/disintegration tablet means avoiding the factors of the disintegration process on the efficacy of the tablet formulation. As diazepam dissolution rate decreases at basic pH, its immediate availability in primary particles for dissolution after reaching the gaster and pH 1.5 might contribute to its better availability for absorption.
The Response Surface design shows that drug release in acidic medium is influenced only by the quantity of disintegrating agent, which is represented in Fig. 9 and Fig. 10 where factor X2 shows the main significant effect.
Conclusion
Optimization of Diazepam ODT using response surface full factorial design was performed.
The quantity and the ratio of independent variables showed significant effects on the tablet characteristics.
The most significant effect on the hardness of the tablets shows the binding agent copovidone. Increasing the quantity of copovidone increases the hardness of the tablets.
The most significant effect on the friability of the tablets has copovidone, although effect on the friability due to the interaction between copovidone and crosspovidone is also present. With increasing the content of copovidone the percent of friability of the tablets decreases.
The quantity of the copovidone and crosspovidone presents the main effect on the tablet disintegration. Interaction among copovidone and crosspovidone shows significant effect on the disintegration process, also. Increasing the quantity of crosspovidone and decreasing the quantity of copovidone decreases the time of disintegration of the tablets. Faster disintegration of diazepam tablet means that complete drug release will be achieved in medium where the active substance has a good solubility i.e. the influence of the disintegration time of the pharmaceutical dosage form on the dissolution time and of the active component is completely avoided and the dissolution rate and time will depend only on the characteristics of the active ingredient, which if needed might be modified as well. Based on the quantitative effect of the polynomial equations generated by RSM, the optimum formulation from RS design could be formulation with adequate hardness, friability and disintegration time less than 20 sec. Such formulation/s contains copovidone 2.75 % and crosspovidone in a quantity of 3-5 %. 
